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ABSTRACT
Introduction. The use of transcranial Doppler (TCD) ultrasound 
in neurocritical patients is reported to be increasingly common 
in pediatric intensive care units. The objective of this survey 
was to know about the use and practice of TCD ultrasound in 
neurocritical care and the training process of staff members 
performing it.
Materials and methods. Survey administered to providers from 
23 pediatric intensive care units of Argentina.
Results. The percentage of response was 86%. TCD ultrasound 
was used for suspected brain death (n = 20), head injury 
(n = 16), and stroke (n = 16). Pediatric intensivists perform the 
test (n = 13/20). Surveyed participants use TCD ultrasound 
to decide on treatment and management, start brain death 
assessment, request brain computed tomography, and manage 
cerebral perfusion pressure with vasopressors.
Conclusion. All surveyed participants use TCD ultrasound 
findings to guide management or treatments. Half of surveyed 
participants are little satisfied with their training.
Key words: transcranial Doppler ultrasound, critical care, neurology, 
pediatrics.
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INTRODUCTION
Acute neurological injuries account for 10% 

of admissions to pediatric intensive care units 
(PICUs) in Argentina.1 The use of transcranial 
Doppler (TCD) ultrasound in critically ill children 
is reported to be increasingly common in PICUs.2-4

TCD ultrasound is a non-invasive assessment 
of the intracranial arterial blood flow velocity.5

The clinical indications for a TCD ultrasound 
are increasing, although scanning protocols and 
reporting quality vary across facilities.3

In relation to neuromonitoring, the Sociedad 
Argentina de Pediatría (SAP) and the Sociedad 
Argent ina  de  Terap ia  In tens iva  (SATI ) 
recommend having TCD ultrasound equipment 
available for  patients  with neurocrit ical 
conditions.6 According to a survey conducted by 
Neira et al., in 2017, TCD ultrasound was used in 
20 out of 76 PICUs.7

The objective of this survey was to know 
about the use and practice of TCD ultrasound in 
neurocritical care and the training process of staff 
members performing it.

MATERIAL AND METHODS
This study consisted of a survey with a 

sample selected by convenience. A questionnaire 
of 23 multiple choice questions was created 
(Supplementary material 1) and sent by e-mail or 
telephone to representatives of neurocritical care 
working at the PICUs of Argentina where TCD 
ultrasound equipment is currently available. Only 
1 response was allowed for each unit.

A pilot test was conducted with 10 users who 
were representative of the target population to be 
surveyed to assess questions clarity and the time 
it took to complete it.

Informed consent for participation and data 
use was requested.

The protocol and the survey were submitted 
and approved by the Department of Teaching and 
Research of Hospital Provincial Neuquén.

A descriptive, cross-sectional analysis and 
an analysis of the semi-structured section of the 
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survey were done. Categorical outcome measures 
are described as n and rate (%). Data were entered 
into an Excel® spreadsheet and analyzed with the 
R® software.

RESULTS
A total of 23 surveys were delivered and 

20 were completed (86%).
Table 1 shows the geographic distribution of 

PICUs where surveyed participants work. Fifteen 
of them work in a public facility. Sixteen indicate 
that the PICU where they work does not have a 
neurocritical care unit.

P e d i a t r i c  i n t e n s i v i s t s  p e r f o r m  T C D 
ultrasounds at the unit (n = 13/20) and the same 
operator is responsible for interpreting the report 
(n = 17).

Figure 1 shows the training received by 
operators.

In relation to training in TCD ultrasound, 

8 surveyed participants are satisfied with the 
training they received, but 10 of them are little 
satisfied with the training received in the pediatric 
field. Supplementary material 2 shows the answers 
from surveyed participants. Sixteen providers 
refer that they received additional training in 
pediatric neurocritical care; i.e., they took courses 
or completed rotations in neurocritical care. 
Twelve surveyed participants report that they do 
not have a protocol in place for TCD ultrasound 
indication; in addition, 13 do not have a protocol 
for TCD ultrasound standards (technique, depth, 
sample volume, power, gain, and velocities).

According to 11 surveyed participants, the 
test report is part of the patient’s medical record. 
Fifteen of them perform the complete test, i.e., they 
scan anterior and posterior brain territories.

Figure 2 shows the clinical situations or 
conditions for which TCD ultrasound monitoring 
is performed.

All surveyed participants use TCD ultrasound 
to decide on treatment and management.

Figure 3 shows the changes carried out based 
on TCD ultrasound findings.

Twelve surveyed participants mentioned that 
they measure cerebral self-regulation; 7 of them 
perform a transient hyperemic response test and 
5 monitor drug-induced hypertension.

Also, 13 referred that they do not offer long-
term follow-up for neurocritical patients who 
undergo TCD ultrasound and receive treatment 
based on test results.

All PICUs (n = 20) use TCD ultrasound as an 
ancillary test in patients older than 2 years with 
suspected brain death. The test was performed 
by staff of the National Institute for Organ and 

Table 1 Geographic distribution of units where surveyed 
providers work

City Surveyed participant (n)

CABA 7
Province of Buenos Aires 4
Chubut 1
Corrientes 1
Formosa 1
Neuquén 1
Rio Negro 1
Salta 1
San Juan 1
Santa Fe 1
Tucumán 1

Figure 1. Operator training (n = 20)*

* Some operators took more than one training course.
TCD: transcranial Doppler ultrasound; SATI: Sociedad Argentina de Terapia Intensiva.
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Tissue Procurement for Transplantation (n = 7), 
imaging test specialists (n = 3), neurologists 
(n = 2), and adult intensivists (n = 2).

Seventeen surveyed participants do not use 
test results for research purposes.

DISCUSSION
Although there are no good-quality and 

outcome studies, TCD ultrasound findings 
appear to have an impact on treating pediatric 

neurocritical patients.8

Its use in children with sickle-cell anemia is 
effective to assess the risk for stroke and is the 
only indication with grade A recommendation, 
class I evidence.9

When comparing the results of the survey 
conducted as part of this study with those of 
another survey administered in the United States, 
it is observed that most surveyed participants 
lack an exclusive neurocritical care unit, whereas 

Figure 2. Clinical situations or conditions for which transcranial Doppler ultrasound monitoring is performed (n = 20)

BD: brain death, ECMO: extracorporeal membrane oxygenation, POP: postoperative period.
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Figure 3. Changes based on findings from transcranial Doppler ultrasound monitoring

BD: brain death; MBP: mean blood pressure; CT: computed tomography; PCO2: partial pressure of carbon dioxide;  
Hct: hematocrit; ICP: intracranial pressure.
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the survey by LaRovere et al.,3 was conducted 
at hospitals that belong to a group of pediatric 
neurocritical care research.

Half of the surveyed participants were not 
satisfied with their training. In a consensus 
prac t i ce  recommendat ion  publ i shed by 
O’Brien et al.,8 it was not possible to reach a 
consensus about the training and certification 
process recommended for the performance 
and interpretation of TCD ultrasound in the 
intensive care unit. For tests done for clinical 
purposes, whose report is attached to the 
patient’s medical record, the consensus is that 
the operator performing the test and the physician 
interpreting the results should be authorized by 
the accreditation organization corresponding to 
their facility.

Most surveyed participants do not have 
a protocol in place for standardized data 
acquisition. In the field of clinical research, the 
lack of test standards restricts the possibility of 
generalizing results at research sites and between 
studies.8

All surveyed participants use TCD ultrasound 
in cases of suspected brain death; more than half 
of the participants diagnose circulatory arrest as 
an ancillary test in patients older than 2 years as 
part of the brain death diagnostic protocol based 
on neurological criteria, and 35% is done by 
pediatric intensivists. In addition, most surveyed 
participants start the brain death assessment 
process based on TCD ultrasound findings; 
however, there is yet no protocol for the technical 
standards of this type of test (filters, envelope 
signal).

This information contradicts the survey by 
LaRovere et al.,3 which excludes the use of TCD 
ultrasound for brain death due to its unknown 
specificity in pediatric patients.

In Argentina, children may be assessed 
as of 2 years old according to National Law 
no. 27447.10,11

In a study carried out to establish the 
variability in brain death protocols based on 
neurological criteria in the field of pediatrics 
among children’s hospitals in the United States,11 
and compared with the 2011 guidelines,12 15% 
performed ancillary tests in all patients and 15% 
performed complementary tests that have not 
been validated in pediatrics.11

The recommendation is to have a minimum 
number of documented tests, approved by a legal 
guardian, and a theoretical examination for the 
certification of the physician to diagnose cerebral 

circulatory arrest to support the legal diagnosis 
of brain death.13

In relation to the sample presented in this 
study, all  surveyed participants use TCD 
ultrasound findings to guide treatments, compared 
to 74% of those surveyed in the study by LaRovere 
et al.,3 in spite of the lack of published data 
showing an impact on outcomes. Further research 
studies are required to assess the impact on 
outcomes based on findings and any changes 
implemented.

One of the limitations of this study is that there 
is no registry of PICUs in Argentina, so providers 
from only 23 facilities were contacted. Most likely, 
there are other facilities where TCD ultrasounds 
are carried out.

A strength of this study is that surveys were 
answered by the representatives of neurocritical 
care from each surveyed facility, whose training 
in TCD ultrasound was similar.

CONCLUSION
At least 20 PICUs in Argentina use TCD 

ultrasound in neurocritical patients. All surveyed 
participants use TCD ultrasound findings to 
decide on treatment or management. Half of the 
surveyed participants are little satisfied with their 
training in the pediatric field. The test results are 
not used for research purposes. n

Supplementary material available at: 
https://www.sap.org.ar/docs/publicaciones/
archivosarg/2022/2408_CB_Figueroa_Annex.pdf

REFERENCES
1. Arias López MDP, Boada N, Fernández A, Fernández AL, et 

al. Performance of the Pediatric Index of Mortality 3 Score 
in PICUs in Argentina: A Prospective, National Multicenter 
Study. Pediatr Crit Care Med. 2018; 19(12):e653-61.

2. LaRovere KL, O’Brien NF. Transcranial Doppler 
Sonography in Pediatric Neurocritical Care: A Review of 
Clinical Applications and Case Illustrations in the Pediatric 
Intensive Care Unit. J Ultrasound Med. 2015; 34(12):2121-32.

3. LaRovere KL, Tasker RC, Wainwright M, Reuter-Rice K, et 
al. Transcranial Doppler Ultrasound during Critical Illness 
in Children: Survey of Practices in Pediatric Neurocritical 
Care Centers. Pediatr Crit Care Med. 2020; 21(1):67-74.

4. Robba C, Cardim D, Sekhon M, Budohoski K, Czosnyka 
M. Transcranial Doppler: a stethoscope for the brain-
neurocritical care use. J Neurosci Res. 2018; 96(4):720-30.

5. Abecasis F, Oliveira V, Robba C, Czosnyka M. Transcranial 
Doppler in pediatric emergency and intensive care unit: 
A case series and literature review. Childs Nerv Syst. 2018; 
34(8):1465-70.

6. Comité Nacional de Emergencias y Cuidados Críticos-
Sociedad Argentina de Pediatría, Capítulo Terapia Intensiva 
Pediátrica-Sociedad Argentina de Terapia Intensiva. 
Normas de categorización, organización y funcionamiento 
de las Unidades de Cuidados Intermedios Pediátricos en 

https://www.sap.org.ar/docs/publicaciones/archivosarg/2022/2408_CB_Figueroa_Annex.pdf


Brief report  /  Arch Argent Pediatr 2022;120(6):415-419  /  419

los establecimientos asistenciales. Parte I: Categorización 
- Unidad de Cuidados Intensivos Pediátricos Nivel 1. Arch 
Argent Pediatr. 2014; 112(3):284-90.

7. Neira P, Monteverde E, Pérez A, Morales G, Landry L. 
Estado actual del soporte neurológico crítico en pediatría 
en la Argentina. Arch Argent Pediatr. 2020; 118(3):204-9.

8. O’Brien N, Reuter-Rice K, Wainwright M, Kaplan S, et 
al. Practice Recommendations for Transcranial Doppler 
Ultrasonography in Critically Ill Children in the Pediatric 
Intensive Care Unit: A Multidisciplinary Expert Consensus 
Statement. J Pediatr Intensive Care. 2021; 10(2):133-42.

9. Sloan MA, Alexandrov AV, Tegeler CH, Spencer MP, et 
al. Assessment: transcranial Doppler ultrasonography: 
report of the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. 
Neurology. 2004; 62(9):1468-81.

10. Ley Nacional Nº 27.447 de Trasplante de Órganos, Tejidos 
y Células. Resolución 716/2019. Ministerio de Salud y 

Desarrollo Social. Artículos 36 y 37. Boletín Oficial de la 
República Argentina. Ciudad de Buenos Aires, 25 de abril 
de 2019.

11. Francoeur C, Weiss MJ, MacDonald JM, Press C, et al. 
Variability in Pediatric Brain Death Determination Protocols 
in the United States. Neurology. 2021; 97(3):e310-9.

12. Nakagawa TA, Ashwal S, Mathur M, Mysore M, 
Committee for Determination of Brain Death in Infants 
Children. Guidelines for the determination of brain death 
in infants and children: an update of the 1987 task force 
recommendations-executive summary. Ann Neurol. 2012; 
71(4):573-85.

13. Grupo de Consenso en Doppler Transcraneano 
en el Diagnóstico de Muerte Encefálica. Consenso 
Latinoamericano sobre el uso del Doppler transcraneal en 
el diagnóstico de muerte encefálica. Rev Bras Ter Intensiva. 
2014; 26(3):240-52.


